Taking the CSI 500 stock index futures as the research object, the regression model of dummy variables of five indicators, including high-frequency return rate, volume change rate and near and far month contract price, was established. Then test whether these five indicators are affected by intraday effect and carry out statistical arbitrage based on intraday effect of spread. The empirical results show that the CSI 500 stock index futures have obvious intraday price fluctuations within 15 minutes of opening, and the intraday effect of the near-month contract is more significant than the far-month contract. The arbitrage strategy based on the intraday effect of spreading all the sample of both inside and outside can achieve higher success rate and yield, which is suitable for the short-term arbitrage. In actual trading, given the known probability of intraday profit, the intraday arbitrage method can provide reference for trading operation and risk aversion, so as to avoid losses caused by missed arbitrage opportunities.
Introduction
The intraday effect is a kind of calendar effect. The calendar effect refers to the market vision related to date and time. Its universal existence has been confirmed by numerous scholars, which has a certain impact on financial market investment and academic research. According to the research ideas and methods of experts and scholars, there are roughly three types of tests for the intraday ef- absolute spread and relative spread in each time period to discuss the intraday effect characteristics [1] . For example, Wang Weiguo et al. (2015) believe that time series data with intraday effects must be adjusted to more accurately estimate and analyze the regression model [2] . The second category, Non-Parametric Statistical Methods, Wang Shun (2014) used the modified LM non-parametric test to identify the calendar effect of stock index futures and spot volatility, and found that their volatility showed double "W" and oblique "L" type [3] . Lin Xiang-you et al. (2015) tested the possible intra-week effect, maturity effect and double calendar effect of the securities market by Wilcoxon-Mann-Whitney nonparametric test method, AR model with dummy variables, and double difference mode [4] . Zhao Xiujuan et al. (2015) analyzed 1 minute data and found that the absolute yield of the Shanghai and Shenzhen 300 stock index futures was "LM" type, and the transaction volume was "WV" type [5] . The third category, the virtual variable regression method, is also the most used method adopted by most scholars. In the empirical process, the least squares regression model, ARMA model or GARCH model is selected for the distribution characteristics of the variable sequence, and time-dependent dummy variables are added to the model. According to the parameter significance of the dummy variable, the difference of the research target in each time period is determined. For example, Guo Yan-feng (2013) used both OLS and GARCH models to test the intraday, overnight and intraday effects of the Shanghai-Shenzhen 300 stock index futures yield sequence [6] . Yang Hua-qing (2015) used the AR-GARCH model with dummy variables to test the calendar effect in the closing price, trading volume and open interest of the Shanghai and Shenzhen 300 stock index futures, and found that the intraday effect mainly appeared in the market opening and closing stage [7] . For example, Zhou Shijun (2016) used high frequency to achieve volatility, considering the impact of overnight earnings, constructing Copula-Realized GARCH model to estimate the optimal hedging ratio of stock index futures [8] ; Yang Yang (2016) proposed theoretical analysis of stock index futures affecting the spot Pathway, and establish the GARCH model empirical study on the impact of SSE 50 and CSI 500 stock index futures on the volatility of the spot market [9] .
Statistical arbitrage refers to the use of quantitative analysis methods to build a portfolio based on statistical correlation theory, independent of economic theory, to achieve a certain degree of risk aversion, and obtain stable excess returns. The key to statistical arbitrage is the choice of arbitrage strategy. The strategy of statistical arbitrage is very rich, mainly including arbitrage strategy based on co-integration, strategy based on neural network model and strategy based on principal component analysis. The strategy based on co-integration is widely used and widely studied. For example, Hao Ning (2016) uses statistical Open Journal of Business and Management arbitrage to establish a long-term equilibrium co-integration equation to analyze the arbitrage space of CSI 500 stock index futures [10] . Yan Liang-wen et al.
(2016) based on the co-integration and conditional heteroscedasticity model theory, searching for the best arbitrage and risk measure by standard residual sequence, thus establishing an optimal arbitrage scheme, and achieving better results than the threshold method based on confidence level determination [11] .
Zhang Zhen (2017) proposed a dynamic prediction interval, and statistical arbitrage through a co-integration model of dynamic thresholds [12] .
The CSI 500 stock index futures is a futures contract with the CSI 500 Index as the subject matter. Since its listing on April 16, 2015, it has been less than three years. At present, the domestic research on the CSI 500 stock index futures mainly focuses on price discovery and risk. Research was on transfer and other functions, impact on stock market stocks, spot market and statistical arbitrage. Bai Hao (2017) studied the impact of the CSI 500 stock index futures trading on its underlying index price fluctuations [14] . There are also a few scholars who have studied the calendar effect of CSI 500 stock index futures, but relatively few.
For example, Wu Xiaohua (2016) found that the Shanghai and Shenzhen 300 stock index futures have a weekly effect by establishing a conditional heteroscedasticity model, while the CSI 500 stock index futures and the SSE 50 stock index futures are not affected by the week effect [15] .
According to the sample selection method of the CSI 500 Index, the CSI 500 stock index futures with the CSI 500 Index as the target can reflect the development status of the small and medium-sized companies. Secondly, since the listing time has only been three years, there is relatively little research on the CSI 500 stock index futures. Therefore, it is of great significance to conduct the intraday effect and statistical arbitrage research on the intraday trading data for the CSI 500 stock index futures. I hope that through the empirical research of this article, the financial investors will be referred to the investment information and expand the research scope of the CSI 500 stock index futures.
Theory and Modeling Steps

Principle of Calendar Effect
Calendar effects are a kind of market vision. In financial markets, the cyclical trend of financial indicators such as volatility, trading volume, and trading frequency is related to the date, including seasonal effects, monthly effects, and intra-week effects, due date effect, and so on [16] . The intraday effect is one of them, which refers to the fact that financial variables have significant fluctuations during certain periods of the trading day.
Specifically, the seasonal effect refers to a phenomenon in which abnormal changes in sequence objects are related to seasonal factors. The week effect, also known as the intra-week effect, means that the change in the economic indicator Open Journal of Business and Management on a certain day of the week is significantly different from the other days. Similar to the week effect, there is also a workday effect. Obviously, the workday effect, that is, the sequence object, differs between weekdays and non-workdays. The maturity effect, also known as the delivery date effect, refers to the abnormal fluctuation of the yield, volatility or volume of the underlying index on the settlement date of the financial product [17] . The intraday effect refers to the significant fluctuations in financial variables during certain periods of the trading day. When the sequence satisfies smoothness, no autocorrelation, but heteroscedasticity, choose the GARCH model with dummy variables. 
Test Model of Intraday Effect
where, the above equations are mean equation and conditional variance equation with dummy variables respectively. When the sequence is stable and has autocorrelation and heteroscedasticity, ARMA-GARCH model with dummy variables is selected, that is: 
Arbitrage Mechanism Based on Intraday Effect of Spread
In the existing literature, statistical arbitrage mainly uses setting thresholds for closing positions and closing thresholds. Arbitrage based on the predicted standard residual sequence, the accuracy of the model prediction and the operating speed of the actual transaction affect the possibility and size of the arbitrage.
According to the intraday effect test of the spread, there is a significant fluctuation in the spread during the intraday effect period. If the position can be closed by a known time difference, the arbitrage success rate and profitability can be increased. Combine this idea with the actual establishment of arbitrage mechanism; the main trading strategies are as follows.
Arbitrage is carried out according to the intraday period of the intra-sample spread and the coefficient of the corresponding dummy variable, when the significant dummy variable coefficient in the model is positive, carry out forward arbitrage for the intraday period corresponding to this variable. Start a position at the beginning, that is, buy a near-month contract, sell a distant month contract, and close the position at the end, that is, sell the near-month contract and buy the far-month contract. Assume that the spread between the near and far-month contracts IC1709 and IC1712 detects the intraday effect at 9:55 -10:00
am, and the dummy variable coefficient is positive. Then, according to the intraday effect arbitrage strategy, the forward transaction is carried out, and the position is opened at 9:55, and the position is closed at 10:00. In actual opera-Open Journal of Business and Management tion, the arbitrage effect may be poor, and the arbitrage plan needs to be corrected. The specific measures are as follows:
1) Select the best intraday effect test model in the sample. According to the period and the variable coefficient of the significant dummy variables in the model, the arbitrage of the near and far-month contract closing price data in the sample is arbitrarily, and the success rate and total success rate and profitability of each arbitrage interval are counted;
2) When there are more significant variables, that is, there are many arbitrage opportunities in the day, and there are adjacent arbitrage intervals in the same arbitrage direction, try to merge the adjacent arbitrage periods, reduce the cost of handling fees, and observe whether the arbitrage effect is improved;
3) When the success rate of some arbitrage intervals is not high and the profit of the arbitrage interval is low, delete these arbitrage opportunities. Table 1 .
Modeling Step
Test of Intraday Effect
Data Preprocessing
This paper chooses the high-frequency yield, trading volume, position, spread and price fluctuation of stock index futures as the research object. The price volatility is defined by the highest price and the lowest price. Taking the logarithm can make the data more stable, does not change the correlation between the data, and the logarithmic rate of return satisfies the additivity, which has better statistical characteristics than the simple rate of return, so the rate of return is in logarithmic form [18] . Taking into account the small change in 1 minute during the day, the 5-minute trading data is used to create a series of profitability, volume change rate, position change rate, spread sequence and price fluctuation range, in which the rate of change is expanded by 100 times and converted into a percentage sequence. The specific formula is as follows.
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where, t lr is logarithmic yield, Table 3 . According to the test results in Table 2 , an appropriate model is selected. The preliminary model categories are shown in Table 4 . 
Analysis of the Intraday Effect Situation
The preliminary model category in Table 4 Table 7 . Change in the volume of positions. The imaginary coefficient of the dummy variable and the corresponding parameter estimated in the above table indicate that the CSI 500 stock index futures yield does have an intraday effect. Different days, the degree of intraday effect is different. Among them, the near month IC1709 of the sample in July has a significant negative yield at 9:30 to 9:35, 10:40 to 10:45, 10:45 to 10:50 and 11:25 to 11:30, and the far month IC1712 has a significant positive yield at 10:30 to 10:35 and 14:45 to 14:50. The intraday effect of the front-month contract is significant during 13:30 -13:35, and the yield is negative.
According to the test results, the volume change rate of the sample contract in the near month of July changed significantly in different periods of the day. In the April sample, when 10:15 -10:20 and 13:00 -13:05, there are intraday effect in the near and far month contracts; In general, the intraday effect of the front-month contract is significant between 13:00 -13:05 and 14:25 -14:30, and the coefficient of the corresponding dummy variable is negative, indicating a decrease in trading volume. Table 7 shows the periods in which the change rate of position holding has obvious changes on the whole and in the near-and far-month contracts. As shown in the above table, the change rate of position holding is 9.30-9:55, that is, there is a significant fluctuation within 25 minutes of opening; The change rate of positions under the recent month contract is mainly at 9:30 -10:10 and 13:00 -13:05, that is, the intraday effect is 40 minutes after the opening of the morning and 5 minutes after the opening of the afternoon. In addition to the 25-minute opening of the far-month contract in the morning, the significant time period in the afternoon is 14:20 -14:25.
According to the test results, the price difference sequence has more time periods during which the fluctuation range is larger during the day. From Table 7 , the virtual variables that are significant under both samples are h 35 , h 32 , h 40 , h 33 , h 29 , h 41 and h 37 . That is, the interval in which the intra-day effect exists is mainly distributed at 13:20 -13:25, 13:35 -13:45, 13:50 -13:55, 14:00 -14:05 and 14:15 -14:25. Comparing the dummy variable coefficients, there is a negative spread in the April sample during the significant period of the intraday effect, while the July sample has a positive spread and the spread is more volatile.
As can be seen from Table 9 , the price fluctuation range of the CSI 500 stock index futures is between 9:30 and 9:45. There are obvious intraday fluctuations in the opening 15 minutes, of which the near-month contract is more significant Open Journal of Business and Management than the far-month contract, and the dummy variable coefficient is significant every 5 minutes during the 25 minutes of opening. The time period in which the intraday effect exists in the July sample is mainly concentrated at 9:30 -10:05, which is within 45 minutes of opening. The April sample was relatively less affected by the intraday effect.
Statistical Arbitrage Based on the Intraday Effect of Spreads
It is known from the above that the spread sequence has significant intraday fluctuations, so the direction and time of arbitrage are made according to the intraday effect test model of the coefficient of significant variables in the spread sequence (see Table 10 for details). There are 20 intraday effect periods, that is, there are 20 arbitrage opportunities every day. In the five time periods of 10:25 -10:30, 10:45 -10:50, 10:55 -11:00, 14:00 -14:05 and 14:55 -15:00, the variable coefficient is negative, and reverse arbitrage can be adopted. Similarly, positive arbitrage is adopted for 15 time periods such as 9:30 -9:35, 9:35 -9:40 and 13:20 -13:25.
According to this arbitrage design, carry out simulated arbitrage on the data in the sample. The success rate of arbitrage in each period is shown in Table 11 .
As shown in Table 11 , simulated arbitrage was carried out on the 10-day data in the sample, a total of 200 positions were built and 123 positions were closed for profit. In general, there is a 61.5% arbitrage success rate, in which 80% success rate can be obtained within the three ranges of 14:00 -14:05, 14:30 -14:35 and 14:55 -15:00. The arbitrage effect is slightly worse in the 13:30 -13:35 and 14:35 -14:40 intervals, with a success rate of 40%. In the case of excluding fees, a total of 361.8 points of profit, a single maximum profit of 22 points, a single maximum loss −14.2 points. In order to reduce the expense of handling fee and increase the possibility of profit, the adjacent periods with the same arbitrage direction in the 20 periods with intraday effect were merged and corrected, and the in-sample and out-sample arbitrage was conducted again to observe whether the arbitrage effect was improved. The results are shown in Table 12 .
After 20 significant periods of consolidation correction, reduced to 12 arbitrage interval. After the modified arbitrage design in the 10-day sample, the arbitrage effect will be improved, and the total success rate will increase to 69.2%. After deducting the handling fee, the profit will be 41951.54 yuan, of which the maximum single profit is 4284.81 yuan, the single maximum. The loss is −2877.28 yuan. If using the same arbitrage strategy to simulate the data outside the sample, the arbitrage total output power of the sample outside the sample can reach 83.3%, the profit is 7629.28 yuan, the maximum profit for a single arbitrage is 1521.907 yuan, and the maximum loss is 1799.34 yuan. At 9:30 -9:40, 9:55 -10:00, 10:25 -10:30, 13:20 -13:45, 13:50 -13:55, 14:00 -14:05 and 14:55-15:00 These 7 time slots are arbitrage, the success rate is 100%, but the arbitrage fails in the 14:30-14:45 period. After expanding the sample out-of-sample forecast, the success rate is reduced, and the profit increase is not large. The 5-day success rate outside the sample is 66.7%, the total profit is 15424.53 yuan, and the single maximum profit is 3121.601 yuan. The maximum loss is the same as the 2-day result outside the sample. The arbitrage success rate is 100% profitable in the two intervals of 13:50 -13:55 and 14:00 -14:05, and the success rate of other arbitrage intervals is generally reduced. Note: Due to the inability to obtain the opening price at 9:30 am, the arbitrage interval is 9:30 -9:35, and the position is opened at 9:31. 
Conclusions
In this paper, we construct different virtual variable regression models for Based on the intraday effect of the spread within 10 trading days in the sample, after the strategy correction of merging adjacent arbitrage intervals, the total success rate of the new arbitrage strategy in the sample is equal to 69.2%, and the based on the intraday effect of spread has better arbitrage effect. This paper also has some shortcomings, which need to be further studied and improved. Therefore, in future studies, intraday effect and statistical arbitrage can be further discussed from the perspective of sample size.
